This paper reports the influence of apple variety and fermentation conditions (yeasts concentration and temperature) on the aroma compounds to fermented apple juice. Two apples variety juice were fermented using the different fermentation conditions. Apples variety 'Lietuvas Pepins' was fermented with different yeast concentration in must. The effect fermented conditions to fermented juice aroma compounds was also analyzed using headspace solid-phase microextraction and gas chromatograph-mass spectrometry (HS-SPME-GC-MS). Volatile aroma compounds were detected of apple juice, yeast and fermented juice. The main aroma compound of 'Auksis' apple juice is 2-hexenal, whereas of 'Lietuvas Pepins' acetic acid butyl ester. In fermented juices main aroma compounds were 2-hydroxyethylhydrazine, 3-methyl-1-butanol, and hexanoic acid ethyl ester, acetic acid hexyl ester.
Introduction
Apples are a highly favored fruit, not only because of their good storage and manufacturing properties, but also owing to their unique flavor characteristics. The most abundant volatile constituents in apples are esters (78-92% of total volatiles), alcohols (6-16% of total volatiles), aldehydes, ketones, and ethers. It is also important to mention that most of the aroma compounds in apple juice are not genuine constituents of apples, but is formed until apple juice production starts [1] . Flavor components in apple juice are numerous, and identification is considered quite complex due to the aromatic nature of apples. Eight odour-active volatiles have been identified as the most important contributors for the aroma-flavor authenticity of apple juice [2] . Apple juice is the raw material of different fermented drinks, like apple wine and cider.Aroma plays significant role in the quality of cider, and composition of volatiles depends on used technology, maturation and storage conditions [3] . Cider maturation significantly influenced the chemical composition of cider distillates. The concentrations of ethyl esters of the major organic acids of cider (lactic, acetic and succinic), as well as the contents of aromas produced by the bacteria activity (2-butanol, 2-propen-1-ol, 4-ethylguaiacol and eugenol) increased with increasing levels of cider maturation [4] . Main aroma compounds of cider are esters, higher alcohols, fatty acids, aldehydes, ketones, terpenes, lactones. And it is very important to determine influence of each compound to quality of final product. [3] . The aim of current research was to evaluate aroma composition of fermented apple juice, depending on used apple variety, fermentation temperature and yeast concentration in must.
Materials & Methods

Raw materials
For analysis two apple varieties 'Auksis' (Streif index 0,16, starch index 8,4) and 'Lietuvas Pepins' (Streif index 0,24, starch index 6,2 ) were used. Apples were grown in the Latvia State Institute of Fruit Growing and harvested in autumn 2010. Quality parameters of the apple juices are given in Table 1 . Juice was obtained by press Voran Basket press 60K. For stabilization of juice Tannisol (Enartis, Italy) was added (concentration 10 g L -1 ). Tannisol capsules consist of potassium metabisulphite (9.5 g L -1
), ascorbic
) and tannin (0.2 g L -1 ). 
Fermentation conditions
Fermentation was performed using commercial Saccharomyces bayanis yeast EC-1118 (Lalvin, Canada) three yeast concentrations (for juice 'Lietuvas Pepins') and two fermentation temperatures were used. The EC-1118 strain is recommended for all types of wines, including sparkling, and cider. Fermentation was carried out at 16 ±1 C and 23±1 C 28 days. (Table 2 ). The EC-1118 strain is recommended for all types of wines, including sparkling, and ciders. The apples juice was fermented in a glass bottles (n=5). For analysis juice samples from all bottles in equal proportions were collected. 
Determination of volatile aroma compounds
Volatiles from apple juice and fermented drinks were extracted using solid phase microextraction (SPME). 5 g of juice were weighed in a 20 ml headspace vial and capped with a septum. SPME extraction. A divinylbenzene/carboxen/polydimethylsiloxane (DVB/Car/PDMS) fiber (Supelco Inc., Bellefonte, PA, USA) was used for headspace SPME sampling. SPME parameters were: incubation time 30 min, extraction temperature 22±2 °C, extraction duration 30 min, desorption 15 min, 250 °C. For the analysis of the SPME extracts, a Perkin Elmer Clarus 500 GC/MS and a Elite-Wax ETR (60 m x 0.25 mm i.d.; DF 0.25 m) was used. Working conditions were: injector 250 °C; transfer line to MSD 260 °C; oven temperature start 50 °C, hold 2 min, programmed from 50 to 100 °C at 5 °C min -1 hold 5 min, and from 100 to 210 °C at 5 °C min -1 , hold 15 min; carrier gas (He) 1 ml min -1 ; split ratio 2:1; ionization EI+; acquisition parameters in full scan mode: scanned m/z 50-300. Compounds were identified by comparison of their mass spectra with mass spectral libraries (Nist98), and by calculation of linear retention indexes and comparison with literature data. All analyses were performed in triplicate. As a quantitative measure, the share in the total GC peak area for each compound is given.
Statistical analysis. The differences in the volatile profiles during fermentation were analyzed using the analysis of variance (ANOVA) procedure of SPSS, Version 17.0. HSD Tukey's test was applied to compare the mean values of the volatile compounds of different fermentation conditions. p-value at 0.05 was used to determine the significant differences of content of volatiles in fermented juice samples. Mean values with standard deviations are reported.
Results & Discussion
Apple juices aroma compounds
An overview of the results of the aroma analysis of the apple juices is given in Tables 3 and 4 . Totaly seven volatile compounds (total peak AU 2999,93 ×10 5 ) were detected in 'Auksis' apple juice , (namely) -4 esters (1 acetates, 1 hexanoates, 1 butanoate, 1 propanoate), 1 alcohols, 2 aldehydes. Apple 'Auksis' juice aroma is mainly composed of aldehydes (60,5%) and esters (35%). The main volatile compounds of 'Auksis' is 2-hexenal (50,1 %), 1 butanol, 2-methyl acetate (13,1%) and hexanal (10,5%). These aldehydes have been described as the main contributors to the green odour of apple fruit and apple juice [5] .
In apple 'Lietuvas pepins' juice six volatile compounds were identified: 4 esters forming 85% of total compounds and 2 alcohols (Table 4. ). In 'Lietuvas Pepins' juice comparing to 'Auksis' apple juice has higher content of aroma compounds. There were detected 6 volatile compounds of total peak AU 4490,35×10 5 . The main volatile compounds of 'Lietuvas Pepins' apples juice were acetic acid butylester (35,3%) acetic acid hexylester (24,2%) and 1 butanol, 2-methyl acetate (15,6%) ( Table 4 ). The similar results were reported in Royal Gala apples where the most important volatile components were alcohols and acetates [6] . The esters and alcohols which are the products of fatty acid metabolization were the major groups in the apple juice, respectively 44% and 41% of totals volatiles [7, 8] . Each group of volatile compounds gave a typical odour characteristic to the apple juice. Esters are responsible for sweet and fruity odour. 2-hexen-1-ol and 1-hexanol found in 'Lietuvas Pepins' and 'Auksis' apples juices were also reported in apples 'Pink Lady' as one of the characteristic aroma compounds [9] . In literature butanol, was found as most abundant alcohol in the apple juice [10] , but it was not identified in 'Lietuvas Pepins' and 'Auksis' juice. 
Fermented juice aroma compounds
Three sources of aroma compounds in fermented juices -apple juice, yeast, and yeast metaboliteswere analysed. Some compounds -aldehydes hexanal and 2-hexenal and alcohols 2-hexen-1-ol -found in apple juice were not possible to identified in fermented apple juices. A total of 16 volatile compounds were detected in 'Auksis' apples fermented juice at the early stage of fermentation 13 at the 28 day of fermentation. In the majority of juices alcohols (67, 5%), esters (31%) and acids (1,6%) were detected after 8th day of fermentation and alcohols (54,1%), esters (42,8%) and acids (3,2%) after 28th day of fermentation. The main groups of compounds that forms the fermentation bouquet are the acids, alcohols and esters and, to a lesser extent, aldehydes and ketones [11] . Acetic acid, phenylethyl alcohol and 3-methyl-1-butanol, were characteristic compounds of yeasts. Among higher alcohols determined, all the strains produced 3-methyl-1-butanol that is the major higher alcohol in wine [12, 13] . 3-methyl-1-butanol and 2-methyl-1-butanol also plays the major role in the apple juices quality. Both substances are not genuine constituents of the apple fruit, but are inevitably formed during apple juice production, probably through transamination and decarboxylation of the amino acids leucine and isoleucine, respectively [14] . n-decanoic acid, hexanoic acid ethylester, decanoic acid ethylester, 9-Decenoic acid, ethyl ester were detected after 8th day of fermentation of 'Auksis', but were not detected after 28th day of fermentation. Whereas opposite tendency were observed for hexanoic acid hexylester and 8-heptadecanol. They were detected after 28th day of fermentation, but were not detected at early stage of fermentation. Characteristic apple aroma compound acetic acid butylester was detected in fermented juice only at the initial stage of fermentation. Hydroxyethylhydrazine was found as the main volatile aroma compound in all fermented aplle juices. Acetic acid butylester, acetic acid hexylester, decanoic acid ethylester, octanoic acid, decanoic acid found in analysed fermented juices, are also characteristic aroma compounds in ciders made from from 'Fuji' apples [15] . It is possible to identify higher concentrations of apple juice aroma compounds in fermented juices with lower concentration of inoculated yeast. Acetic acid, 1-butanol, 3-methyl phenylethyl alcohol found in fermented juices, are typical yeast aroma compounds. Others aroma are developing during fermentation process. The highest content of aroma compounds was detected in LP4 (with lower concentration of yeast, followed by LP3 fermented with lower concentration of yeast compared to LP4 at higher temperature. Content of acetic acid increased during fermentation process, and the highest content was detected in juice with the lowest concentration of inoculated yeast. 
